Background: Treatment non-adherence in randomised trials refers to situations where some participants do not receive their allocated treatment as intended. For cluster randomised trials, where the unit of randomisation is a group of participants, non-adherence may occur at the cluster or individual level. When non-adherence occurs, randomisation no longer guarantees that the relationship between treatment receipt and outcome is unconfounded, and the power to detect the treatment effects in intention-to-treat analysis may be reduced. Thus, recording adherence and estimating the causal treatment effect adequately are of interest for clinical trials. Objectives: To assess the extent of reporting of non-adherence issues in published cluster trials and to establish which methods are currently being used for addressing non-adherence, if any, and whether clustering is accounted for in these. Methods: We systematically reviewed 132 cluster trials published in English in 2011 previously identified through a search in PubMed. Results: One-hundred and twenty three cluster trials were included in this systematic review. Non-adherence was reported in 56 cluster trials. Among these, 19 reported a treatment efficacy estimate: per protocol in 15 and as treated in 4. No study discussed the assumptions made by these methods, their plausibility or the sensitivity of the results to deviations from these assumptions. Limitations: The year of publication of the cluster trials included in this review (2011) could be considered a limitation of this study; however, no new guidelines regarding the reporting and the handling of non-adherence for cluster trials have been published since. In addition, a single reviewer undertook the data extraction. To mitigate this, a second reviewer conducted a validation of the extraction process on 15 randomly selected reports. Agreement was satisfactory (93%). Conclusion: Despite the recommendations of the Consolidated Standards of Reporting Trials statement extension to cluster randomised trials, treatment adherence is under-reported. Among the trials providing adherence information, there was substantial variation in how adherence was defined, handled and reported. Researchers should discuss the assumptions required for the results to be interpreted causally and whether these are scientifically plausible in their studies. Sensitivity analyses to study the robustness of the results to departures from these assumptions should be performed.
Introduction
Cluster randomised trials, where pre-existing groups of individuals are randomised, have become a common design to test public health and primary care interventions, as often the target of the intervention is a hospital or general practice, or their staff. Increased administrative convenience, reduction of contamination between experimental arms and improved adherence with allocated treatment are often cited among the advantages of adopting this design. [1] [2] [3] Nevertheless, treatment adherence may be more challenging in cluster trials because of the hierarchical nature of the design and the delivery of the intervention, where at least two levels at which deviations from protocol called non-adherence can occur, for example, cluster or individual level. 4 The nature of the non-adherence patterns largely depends on the nature of the intervention. Some interventions are aimed exclusively at the clusters and thus all individuals within a cluster are exposed to the same treatment. Water fluoridation in a village would be one such example.
In other cluster trials, participants within the same cluster may individually stop adhering to the allocated treatment. An example of this is the study conducted by Sommer et al., 5 where villages were randomised to 'vitamin A supplements' or not, to be offered to all infants. However, some children whose villages were randomised to 'vitamin A supplements' did not receive the supplements. Finally, non-adherence at both levels is possible for interventions with components targeted at both levels. For example, the OPERA study (exercise for treating depression in care home residents) aimed to evaluate the impact of a 'whole home' exercise intervention on depressive symptoms in older adults living in care homes in England. 6 Clusters were randomly allocated to provide either a depression awareness training session for care home staff (control) or a twice-weekly physiotherapist-led exercise class (active intervention) for 12 months. Some of the exercise classes did not occur due to a shortage of staff (clusterlevel non-adherence). In addition, even when the nursing home ran the exercise classes, some individuals recruited to attend these classes did not to do so (individual-level non-adherence). Nursing homes and individuals complied with their assigned treatment during some weeks, but then deviated at a later time, introducing a time-varying non-adherence pattern.
The standard analysis of a trial with departures from allocated treatment is intention-to-treat, which compares outcomes between the groups as randomised, ignoring the actual treatments received. The intentionto-treat estimates the effect of being offered (or allocated to) the treatment and cannot necessarily be interpreted as the causal effect of treatment received. An intentionto-treat analysis with poor adherence may dilute a true treatment effect; with negative outcomes such as side effects, adverse events or mortality, an intention-to-treat estimate which is closer to the null than the true causal effect may make a more toxic or aggressive treatment look less harmful. In addition, non-adherence leads to a loss of power in intention-to-treat analysis. 7 Where there is an interest in estimating treatment efficacy, as the causal effect of receiving the treatment according to the protocol is called, analytical approaches such as 'per protocol' and 'as treated' are often used. 8 Per protocol restricts the analysis only to participants who received their assigned treatment, whereas as treated analysis compares participants according to their treatment receipt, regardless of their treatment assignment. Both per protocol and as treated may be subject to selection bias, and their validity as causal estimands depends on the assumption that the groups being compared are exchangeable, that is, comparable in terms of their measured and unmeasured covariates. This is a very strong assumption. Since the original comparable groups achieved through randomisation are not preserved, any observed differences in outcomes are not necessarily due to the treatment effect, but potentially also due to differences in covariates. 9 Per protocol also leads to a reduction of statistical power. 7 However, some design features may increase the likelihood of per protocol analysis to be unbiased. One example is when the trial is doubleblinded and the treatments have low rates of adverse events, because in this situation, both treatment switching and discontinuations are unlikely to be associated to outcomes, as described by White. 7 More recently, 'modified' per protocol analyses, that adjust for potential confounders that may lead to selection bias, have been advocated. 10, 11 These modified per protocol analyses allow the investigators to adjust for baseline, and post-randomisation variables believed to be sufficient to adjust for the confounding of the association between treatment received and outcome. The assumption of 'no unobserved confounding', required for their validity, is still strong.
There are statistical methods that do not assume 'no unobserved confounding'. Instead, they rely on randomised treatment being an instrumental variable [12] [13] [14] and have been proposed in the context of individually randomised trials. 7, 15 Extensions to cluster randomised trials exist. 4, [16] [17] [18] A brief summary of these is given in Box 1. However, methods which are applicable to cluster settings tend to be limited in their usefulness, requiring some programming or the use of specialised software. Previous systematic reviews investigating the reporting and statistical handling of non-adherence in individually randomised controlled trials have been published. 8, 26 These have found that adherence to treatment is often under-reported and when reported, sufficient detail on how adherence was defined is often not included. They also found that the majority of the studies used 'unadjusted' per protocol analyses to obtain treatment efficacy estimates. 8 Cluster randomised trials are more complex to run, analyse and report than individually randomised trials, and previous systematic reviews of cluster trials have found that despite the Consolidated Standards of Reporting Trials (CONSORT) extension mentioning explicitly the need to report numbers assigned, on treatment and analysed at the cluster and individual levels, this information is often lacking. 3, 27 However, no previous study has focused on the conduct of statistical analyses aiming to estimate causal treatment effects in the presence of treatment non-adherence.
Thus, the aim of this study is to assess the reporting and handling of non-adherence in cluster randomised trials, and in particular, to establish the prevalence of non-adherence and describe the methods used to obtain adherence-adjusted treatment effects. For this, we perform a secondary analysis of data originally extracted for a systematic review investigating the reporting and adjustment of missing data in cluster trials. 28 We also propose some guidelines for reporting adherence and for conducting adherence-adjusted analysis of cluster trials.
Methods

Search strategy and inclusion criteria
This review uses a database of 132 cluster trials previously identified using a published electronic search strategy. 28 The full electronic search strategy is reported in Box A in the Supplemental File. Reports were eligible for inclusion if they were full reports of cluster randomised controlled trials, published in English in 2011.
They were excluded if they were quasi-experimental, self-identified as pilot, feasibility, or preliminary studies; only reported cost-effectiveness or where no data at the individual level were collected. We also excluded crossover trials, where deviations from randomised treatment may include failure to follow the randomised sequence of treatments, and studies reporting only sub-samples of previously published cluster trials data.
Piloting and validation
Two researchers independently piloted a data extraction form using five randomly selected reports. This There exists many statistical methods estimating causal treatment effects in randomised trials. They target different estimands, that is, quantities of interest in a defined population, and they also differ in the assumptions required to guarantee identification and unbiased estimation. Interested readers are directed to introductory materials by Bellamy et al., 15 Baiocchi et al. 18 and Stuart et al. 19 A key idea is that of potential outcomes, that is, the outcome that would have been observed had the randomised allocation been different. Likewise, the potential treatment received is the treatment that individuals/clusters would have received had their randomised allocation been different. Assuming all-or-nothing compliance, the most common assumptions are as follows:
1. Stable unit treatment value assumption: the potential outcomes of the ith individual are unrelated to the treatment status of all other individuals (known as no interference). In addition, we assume consistency: for those who actually received treatment-level z, the observed outcome is the potential outcome corresponding to that level of treatment. In cluster trials, stable unit treatment value assumption as above is unlikely to hold. Instead, we may assume that no interference holds at the cluster level, that is, the potential outcome of an individual is unrelated to the treatment status of individuals in different clusters, but may depend on those within the same cluster. 4, 17 2. Ignorability of the treatment assignment: randomised allocation is independent of unmeasured confounders (conditional on measured covariates) and the potential outcomes. 3. Instrument relevance: the random allocation predicts treatment received. 4. Exclusion restriction: the random allocation cannot affect the outcomes directly. 5. Monotonicity: there are no defiers, that is, individuals who receive treatment if and only if they are not randomised to it.
Generalisations of these assumptions to cluster trials settings can be found in Schochet. 4 Here, we concentrate on methods that target the complier average causal effect. Principal stratification.
14 Under assumptions (1)- (5), each individual may be grouped into a compliance principal stratum, which is a latent class, and can be thought of as a baseline covariate: 1.
Never-takers receive no active treatment, regardless of their randomised treatment; 2. Compliers receive the active treatment if and only if they are randomised to it; 3. Always-takers, who receive the active treatment, regardless of their randomised treatment.
The complier average causal effect can then be identified from the observed data. Estimation for the principal stratification is based on a mixture of distributions across compliance strata. Extensions to cluster trials are possible, using multilevel mixture models, in either a Bayesian 16 or likelihood approaches.
17
Instrumental variables. Under assumptions (1)- (5), Angrist et al. 20 showed that the instrumental variable estimand is the intention-to-treat effect in compliers. This is then usually estimated using two-stage least squares. To account for the clustering, it has been recommended to use two-stage least squares using Huber-White variance estimator. 18 Principal scores. While this method is based on principal stratification, it differs from the previous version, because it does not assume exclusion restriction, but instead assumes principal ignorability:
21 the observed covariates are sufficient for identifying principal stratum membership. 22, 23 The compliance or principal score is a function solely of pre-randomisation covariates. Similar to the use of propensity scores, this method uses baseline covariates to model principal stratum membership. Once principal scores are obtained, the complier average causal effect is estimated using either matching or weighting, as it is usually done in propensity scores literature. Because it does not assume exclusion restriction, this method is attractive when this assumption is believed to not hold, but the principal ignorability assumption is more plausible.
The choice of causal estimation methods depends on the estimand that investigators are interested in and whether the trial setting supports the plausibility of the underlying causal assumptions. Many of these assumptions are untestable, and often their plausibility is questionable. There are several options to study the sensitivity to departures from these assumptions. For example, when exclusion restriction does not hold, researchers could use the principal scores methods. Alternatively, a Bayesian parametric model can use priors on the non-zero direct effect of randomisation on the outcome for identification on the mixture models used in the principal stratification approach. 24 In the frequentist instrumental variables framework, such modelling is also possible, see Baiocchi et al. 18 for a tutorial on how to perform sensitivity analyses to departures from exclusion restriction and monotonicity assumptions. See also Stuart and Jo 25 for a comparison of the sensitivity to departures from assumptions of principal stratification under exclusion restriction and principal scores under principal ignorability.
helped to identify extra relevant information to extract and to improve the study protocol. After updating the study protocol and the data extraction form, a random sample of 15 reports was used for validation of the extraction procedures. In case of discrepancy, a final decision was made by consensus and the appropriate information was recorded in the data extraction form. Once the team was satisfied with the extraction procedure, one researcher performed the data extraction in the whole sample. When there was doubt or ambiguity, this was reviewed by the second extractor and a consensus was reached.
Data extraction
Data were extracted on one primary outcome per report, defined as that specified by the authors or, if not specified, the outcome used in sample size calculations. If no primary outcome was specified and no sample size calculation was reported, the first outcome presented in the abstract or manuscript was considered as primary. Information was collected on the type of cluster, the type of primary outcome (binary, continuous and categorical), whether a harm outcome was investigated 29 and the type of intervention given in the control arm (placebo, standard care or active). Information on the level of adherence (cluster level or individual level) was also recorded. Non-adherence was considered to be at the cluster level if the treatment received was different from that assigned for all the participants within clusters, and it was considered to be at the individual level if the treatment received differed from the allocated treatment on an individual basis within the same cluster.
In addition, data on total number of clusters and individuals randomised and analysed were extracted as well as numbers of clusters and individuals receiving the allocated treatment. We defined treatment nonadherence as discrepancy between the allocated course of treatment and the actual treatment received. 8 Descriptions of treatment adherence, including intracluster correlation coefficient for treatment adherence, 17 were also recorded, when reported. We also recorded information on adherence-adjusted analyses and whether clustering was accounted for.
We adapted the definitions by Dodd et al. 8 and extracted data about the duration of the intervention. A 'one-off' intervention is defined as that which is received at a single time point, for example, a surgery. A 'short-term' intervention is defined as an intervention implemented at different time points over a short period; for example, five training sessions on the importance of breastfeeding over 1 week. Any other recurrent intervention over an extended period of time was classified as a 'long-term' intervention.
Analysis
Simple analyses were performed to describe the frequency of adherence-reporting and the reported methods used to adjust for non-adherence. The median (and the first and third quartiles) of the number of clusters and individuals randomised, on treatment and analysed, is provided.
For the percentage of non-adherence, we used the author-reported non-adherence when this was reported numerically. If not, we calculated the percentage of non-adherence for each study, from the data provided in the manuscript (the ratio between 'off allocated treatment' participants to the total number randomised).
Results
After excluding seven reports that used only subsamples of cluster trials data and two crossover trials, our final sample included 123 cluster trials. See the flowchart (Figure 1 ). During the validation phase, the two extractors had an initial agreement of 93%, ultimately achieving consensus by discussion.
Trial characteristics
Trial characteristics are shown in Table 1 . Interventions were mainly concerned with changing healthcare practices (63 trials, 51%), educational practices (27 trials, 22%) or lifestyle (25 trials, 20%). In most trials, standard care was used as the control intervention (96 trials, 76%). The primary outcome was either continuous (65 trials, 53%) or binary (57 trials, 46%), with one exception (multi-category). Adverse events were investigated in 12 trials (10%).
The intervention was implemented exclusively at the cluster level in 65 trials (53%) and at the individual level in 58 trials (47%). Long-term interventions were the most common (83 trials, 68%), followed by short-term interventions (35 trials, 28%). The majority of the studies were two-arm trials (106 trials, 86%). The median (first-third quartiles) number of clusters randomised in each trial arm was 12 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) , and the number of clusters per trial arm ranged from 2 to 199. The number of individuals per cluster had a median (first-third quartiles) of 27 (10-65) with a range of 2-14,350.
Intention-to-treat analysis was done as primary analysis in 119 trials (97%), with the remaining 4 trials (3.2%) using per protocol or as treated analysis. Only 6 trials (5%) used cluster-level analysis (primary outcome defined at the cluster level) while the remaining 117 trials used individual-level analysis. Among these, clustering was not accounted for in 12 trials (10%) (see Table 2 ).
The reporting and handling of non-adherence
Sixty-one reports (50%) included information on adherence: full adherence was reported in five trials while the remaining 56 trials reported some form of non-adherence to the allocated treatment. Table 3 reports the adherence characteristics of these trials. The reporting of adherence was more frequent in interventions of short duration (57%) compared to those of long duration (47%). Forty-four trials (72%) used a binary treatment adherence definition, with only one report justifying the threshold used for this dichotomisation. Only 5 trials (8%) recorded non-adherence as a continuous variable, while the remaining 12 trials (20%) gave no details on the definition of adherence used. Only 11 trials (9%) provided a flowchart with complete information on how many clusters and/or individuals received the assigned treatment. Nine trials reporting non-adherence performed adverse events analysis. Non-adherence at the cluster level was reported in 15 trials (24%), with a further 4 (6%) studies reporting full cluster adherence. Non-adherence at the individual level was reported in 41 trials, representing 71% of the 58 trials reporting treatment nonadherence at the individual level, while 1 trial (2%) reported full adherence. No study reported the use of an intra-cluster correlation coefficient for adherence.
Adherence by allocated groups. Active group: 5 studies provided the percentage of cluster-level non-adherence, with a median (first-third quartiles) of 44.8% (33%-50%), with a further 10 reporting cluster non-adherence without further details. At the individual level, 30 (73%) out of 41 studies reported this, with a corresponding median (first-third quartiles) of 15% (9%-24%).
Control group: adherence to the control protocol was less frequently reported; 5 trials stated full adherence, while a further 15 studies reported some form of nonadherence. Cluster-level non-adherence was reported in one trial, while full adherence was reported in a further four trials. At the individual level, 19 trials reported control-treatment non-adherence, with full adherence in 1 study.
Adherence-adjusted analyses. Fifteen trials performed per protocol analyses, with the remaining four studies 36 Two studies did not account for clustering in their adherence-adjusted analyses. 31, 32 No study reported the assumptions necessary for their adherence-adjusted analyses to be unbiased causal treatment estimates. In any case, none of these studies was double-blinded. We summarise some of the characteristics of these adherence-adjusted analyses in Table 4 .
Discussion
This is the first systematic review of reporting practices of non-adherence with randomised treatment in cluster randomised trials. Our findings show that about half of the studies include information on treatment adherence, but details on numbers of clusters and individuals that adhered to the intended treatment are often incomplete. Schulz and colleagues 50, 51 found that trials reporting exclusions after treatment initiation (i.e. deviations from protocol) tend to be of higher methodological quality than those that did not report it. This is known as the 'exclusion paradox'. It is, therefore, possible that those studies that did not report on adherence also experienced protocol deviations. On this basis, we estimate that in this study the proportion of trials with non-adherence lies within the range 23%-94% at the cluster level and 71%-98% at the individual level. In addition, we found that studies tended to report more often adherence at the individual level. This potential under-reporting may be due to the complexity of defining adherence in cluster trials and that as cluster trials are often pragmatic in nature, recording adherence to treatment protocol is not often a primary concern.
Among the studies reporting non-adherence, only one-third specified departures from protocol in the control group. This has to be interpreted in light of the fact that in our review, 'usual care' was used as control in approximately three quarters of studies and that defining and measuring adherence to 'usual care' may be difficult or impractical. In general, the nature of the departures from protocol was very poorly reported, and it was not possible to ascertain whether alternative treatments to those in the trial, that is, not originally included in the design of the study, were taken. Knowledge of the alternative regimes followed by those individuals who did not adhere to their allocated treatment is important if we want to judge the impact of such non-adherence on the causal interpretation of an intention-to-treat analysis. If no external treatments are available, then the intention-to-treat estimate will be diluted towards the null, when compared with the true treatment effect. Moreover, the reported non-adherence details (numbers initiating and completing the treatment protocol, period of discontinuation, etc.) were often inadequate for a meaningful interpretation of the study results.
All of the studies reporting adherence-adjusted estimates performed per protocol or as treated analyses, without discussing the plausibility of the necessary assumptions for the results to be interpretable as 30 The use of weights is applicable when cluster-level summaries analysis is performed while accounting for clustering may be required for individual-level analysis. c t-test with multiple testing adjustment but ignoring clustering was applied to perform a per protocol analysis at individual level. 31 d Per protocol analysis with unweighted t-test comparing rates at cluster level. 32 unbiased causal estimates. These 'unadjusted' analyses rely on the assumption that the association between treatment received and outcome is completely unconfounded. 7, 9 Since this assumption is very strong, we would advise adjusting for measured confounders in a 'modified' per protocol analysis (as suggested by Herna´n and Robins 11 ), thus relying instead on the 'no unobserved confounding' assumption. Moreover, in the context of randomised trials, randomised treatment is very plausibly a valid instrumental variable, and the monotonicity assumption may sometimes hold by design, for example, where the experimental intervention is not available to the controls. These assumptions are sufficient to identify the CACE, allowing the analyst to obtain causal effects in the presence of unobserved confounding. In the absence of complex interactions between compliance classes at the cluster and individual level, statistical methods to estimate CACEs accounting for the clustering in the data could be used (See Box 1). However, no report included in this review performed a complier average causal effect.
Comparison with previous studies
A previous systematic review including 152 cluster trials published between 1997 and 2000 found that non- adherence was reported in about 24% of the studies.
52
For individual randomised trials, Dodd et al., 8 in a review of 100 trials published in 2008 in five leading medical journals, found this to be 98%. In contrast, the review performed by Zhang et al., 26 which considered individual randomised drug trials published in 2010, found a prevalence of non-adherence reporting of 46%. Both of these results are thus in line with the lower and upper bounds found in our study. These two previous individually randomised trials reviews noted a lack of justification in the threshold used in defining a binary measure of non-adherence. 8, 26 In the present review, only one justified this choice.
The median percentage of individual-level nonadherence reported by the cluster trials included here was 13%. Similar median percentages of non-adherence were found in previous reviews of adherence in individually randomised trials, 10%-20% in Dodd et al. 8 and 11.6% in Zhang et al. 26 While the latter reported finding a monotonic trend of adherence with regard to intervention duration, 26 we did not find any such trend. This could be because adherence was not clearly reported in over 40% of both long-and short-term interventions. In fact, in view of the 'exclusion paradox', non-adherence with short-term interventions could be as high as the non-adherence reported in longterm interventions.
Only 3% of the studies included in the present review presented an adherence-adjusted analysis as primary, with the great majority reporting an intention-to-treat approach. Of those studies assessing treatment efficacy, per protocol analysis was the most used. Dodd et al. 8 also found that the majority of studies attempting to adjust for non-adherence in an analysis used per protocol.
Although the extended CONSORT statement for cluster randomised trials 53, 54 recommends reporting the numbers of clusters and individuals randomised and receiving their assigned treatment, we found that the reporting of these numbers in the flowchart was low (9%). This is in contrast to the results reported by Dodd et al., 8 who found that 58% stated the number of participants actually initiating their allocated treatment. A possible explanation may be the lower adherence to CONSORT guidelines among cluster trial reports, 27 as well as the extra complexities of defining, measuring and recording adherence at both levels.
Strengths and limitations
The cluster trials database used for this review was identified using a rigorous electronic search procedure previously published. 28 This search strategy was calibrated with a previously published one, 55 which had been validated with an ideal set of cluster randomised trials identified from manual examination of a large sample of health journals and was found to have high sensitivity (90.1%). Nevertheless, we may have missed Table 4 . Details of the adherence-adjusted analyses performed.
Study
Reason Type Differences in inference some cluster randomised trials, as reports may fail to clearly identify the cluster randomisation design in either title or abstract. Our inclusion criteria were broad, and thus our sample should be representative of the quality of conducting and reporting of cluster trials. The included reports were published in 2011, but we do not expect a change in practice for adherence reporting, as the updated CONSORT statement for cluster trials 54 was available in pre-print form since 2010 and did not contain any new guidelines with regards to adherence reporting or handling over and above those included in the 2004 version. 53 As with reviews of this nature, our assessments were based only on the information included in the trial reports. It is possible that non-adherence is more common but under-reported, the so-called exclusion paradox. 50, 51 We calculated ranges of non-adherence to reflect this possibility.
Another possible limitation is the use of a single reviewer for data extraction. However, single-reviewer extraction was only carried out after a validation phase, where a second reviewer conducted extraction. Agreement between the two extractors was high during validation. In addition, during full-extraction, whenever there was ambiguity, the second reviewer's opinion was sought and disagreements were resolved by consensus.
Conclusion
Non-adherence with allocated treatment is common in cluster randomised trials, but it is not sufficiently well reported. Our study suggests that cluster-level nonadherence is less common than individual-level nonadherence. However, after taking into consideration possible under-reporting, the overall level of nonadherence in cluster randomised trials may well be comparable with that previously observed in individually randomised trials, 8 weakening the claim that a cluster randomisation design improves treatment-adherence. 1 A greater effort should be made to improve the quality of reporting of adherence data and analyses. When undertaking causal analyses as part of a cluster randomised trial with non-adherence, researchers should consider carefully the assumptions necessary for their analyses to result in valid inferences and discuss their plausibility in the context of their trial. Sensitivity analyses should be undertaken when departures from these assumptions are suspected. It is also important to remember that in cluster randomised trials, the validity of the results also relies on obtaining an appropriate estimate for the standard errors, for which it is crucial to use a method that correctly models the dependence structure of the data.
Methodologists should make existing causal methods that accommodate the clustering more widely available and easy to implement in commonly used software. To promote their use in practical applications, methodologists should also publish more tutorial papers describing clearly the assumptions needed and detailing the challenges of performing such adherence-adjusted analyses in the context of a good empirical example.
We conclude by making some recommendations for trialists conducting cluster randomised trials (see Box 2). Box 2. Guidelines for analysing and reporting cluster randomised trials with non-adherence to treatment.
1.
Report how adherence to treatment is defined and measured. Describe adherence at the cluster and individual level. If dichotomised, justify the choice of threshold made. These choices should be pre-specified in the protocol. 8 
2.
Where there is interest in the causal treatment effect, this should be stated clearly in the trial protocol, prior to data collection.
3.
Adherence measures should be collected alongside other trial data.
4.
Report the number of clusters and individuals that received the intended treatment in each trial arm. 54 
5.
Details of the planned causal analyses should be included in the statistical analysis plan, in advance of receiving the data. 6.
Efforts should be made in the statistical analysis to reduce any bias introduced by the fact that treatment received may be associated with other variables affecting the outcome. 7.
Choose a statistical method that relies on a set of plausible assumptions for the trial at hand and interpret non-adherence adjusted analyses as explanatory. 8.
Discuss the assumptions necessary for the chosen analysis method to result in unbiased causal treatment effect estimates and their plausibility in the context of the cluster trial being analysed and reported. 9.
In particular, the use of per protocol analysis must be supported by an explanation of why it is reasonable to assume that the group of participants and clusters who did and did not deviate from their allocated treatment are equivalent. If a set of baseline or post-randomisation variables available is believed to be sufficient to adjust for the confounding, a 'modified' per protocol analysis may be valid. 10, 11 10. If clusters or individuals are excluded from analyses, describe whether the fraction excluded is similar between arms and that the included groups were comparable at baseline. 7 11. Use a method that accounts for clustering adequately. Principal stratification can be used to estimate the complier average causal effect while accounting for clustering; alternatives include multilevel mixture models 17 and Bayesian hierarchical models.
14 Alternatively, instrumental variable methods can use sandwich variance estimation, which is robust to clustering. 18 12. Sensitivity analyses should be considered when the assumptions necessary for the primary causal analysis are likely to be violated. 16, 18 13. A discussion of potential bias introduced by assumptions' violations in any of the causal analyses should be included in the published report.
Previous recommendations for conducting and reporting adherence analyses for individually randomised trials are still relevant. 8 A new framework for the conduct and interpretation of randomised trials in the presence of treatment non-adherence has been recently published, and we encourage the readers to follow these guidelines as much as possible. 56 
